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(57) ABSTRACT

A method of manufacturing a semiconductor element
includes forming a first bonding layer containing a metal,
which forms a eutectic crystal with Au, on a first substrate to
provide a first laminated body. The method also includes
forming an element structure layer having a semiconductor
layer on a second substrate. The method also includes form-
ing a second bonding layer on the element structure layer to
provide a second laminated body. The second bonding layer
has a metal underlayer containing a metal, which forms a
cutectic crystal with Au. The second bonding layer also has a
surface layer that contains Au. The method also includes
performing heating pressure-bonding on the first and second
laminated bodies with the first and second bonding layers
facing each other. The heating temperature of the second
substrate 1n the heating pressure-bonding i1s higher than the
heating temperature of the first substrate.

13 Claims, 6 Drawing Sheets
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SEMICONDUCTOR ELEMENT AND
METHOD OF MANUFACTURING SAME

BACKGROUND OF THE

INVENTION

1. Field of the Invention

This invention relates to a semiconductor device such as a
light-emitting diode (LED) and also relates to a method of
manufacturing such semiconductor element.

2. Description of the Related Art

Light-emitting devices equipped with LED elements are
used 1n, for example, illumination, backlighting and 1ndus-
trial equipment. Efforts are expended to increase the bright-
ness of light-emitting elements 1n such light-emitting devices.
LED elements are manufactured by using, for example, a
metal-organic chemical vapor deposition (MOCVD) method
to deposit a semiconductor layer of AlGalnP or GaN by
epitaxial growth on a GaAs substrate, sapphire substrate or
other growth substrate. In an LED element manufactured 1n
this way, light emitted from the light emission layer i1s
absorbed 1n the growth substrate so that the efficiency of light
extraction 1s reduced. In addition, the efficiency of hear dis-
sipation 1s poor because of the low thermal conductivity of the
growth substrate.

In order to resolve the above-mentioned problems, LED
clements are manufactured in the following manner: a semi-
conductor layer grown on a growth substrate 1s laminated on
a supporting substrate that has high thermal conductivity with
a light-retlecting material intervening, and then the growth
substrate 1s removed. Such LED elements are disclosed 1n, for
example, Japanese Patent Application Publication (Kokai)
No. 2006-237419.

When semiconductor elements are manufactured using
supporting substrates as described above, a eutectic crystal
such as AuSn 1s used to bond the semiconductor layer to a
supporting substrate with thermal conductivity. This bonding
1s referred to as “eutectic bonding” 1n this specification. In
cutectic bonding, the eutectic crystal material 1s melted or
soltened at a high temperature at or above the melting point of
the AuSn used 1n bonding, 1n order to perform satisfactory
bonding with few voids in the bond portion.

FIG. 1 of the accompanying drawings shows a scanning
clectron microscopy (SEM) image (20,000x) of a cross sec-
tion of a bonding portion after general eutectic bonding 1s
performed. In thus SEM image, a layer containing large
amounts of Au appears pale and whitish, whereas layers
containing large amounts of Sn appear darker and blackish.
As shown 1n FIG. 1, when performing eutectic bonding using,
AuSn, a layer containing a large amount of Sn (that 1s, an
Sn-rich layer), a layer containing a large amount of Au (that
1s, an Au-rich layer), and another Sn-rich layer are formed 1n
the bonding portion, 1n order from the semiconductor layer
side, to form a sandwich structure in which an Au-rich layer
1s sandwiched by two Sn-rich layers. Sn has a low(er) thermal
conductivity (64 W/m-K) compared with that of Au (295
W/m-K), and so the layer adjacent to the semiconductor layer
has low thermal conductivity. As a result, dispersion of heat
from the semiconductor layer 1s impeded, and the efliciency
ol heat dissipation 1s poor.

SUMMARY OP THE INVENTION

One object of this invention 1s to provide a semiconductor
clement (e.g., LED) having a thermally conductive support-
ing substrate with high reliability. Another object of the
invention 1s to provide a method of manufacturing such semi-
conductor element. The resulting semiconductor element
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possesses improved heat dissipation because a layer with high
thermal conductivity 1s provided 1n an area in contact with a

semiconductor waier of the bonding portion between the
semiconductor waier and the thermally conductive support-
ing substrate.

According to one aspect of the present invention, there 1s
provided a method of manufacturing a semiconductor ele-
ment that includes forming a first bonding layer comprising a
metal which forms a eutectic crystal with Au, on a first sub-
strate to provide a first laminated body (semiconductor
waler). The manufacturing method also includes forming an
clement structure layer having a semiconductor layer on a
second substrate. The manufacturing method also includes
forming a metal underlayer comprising a metal which forms
a eutectic crystal with Au, on the element structure layer. The
manufacturing method also includes forming a surface layer
comprising Au on the metal underlayer to provide a second
laminated body (supporting substrate). The combination of
the underlayer and the surface layer 1s a second bonding layer.
The manufacturing method also includes performing heating
pressure-bonding the first and second laminated bodies, with
the first and second bonding layers facing each other. The
heating temperature of the second substrate 1n the heating
pressure-bonding step 1s made higher than the heating tem-
perature of the first substrate.

In the bonding portion formed when bonding the semicon-
ductor wafer and the supporting substrate, a layer with high
thermal conductivity 1s formed adjacent to the semiconductor
layer which generates heat. Therefore, the efficiency of dis-
sipation of heat from the semiconductor layer 1s increased,
and the reliability of the semiconductor element can be
improved.

According to another aspect of the present invention, there
1s provided a semiconductor element that includes a substrate,
and a metal layer made of a metal eutectic crystal formed on
the substrate. The semiconductor element also includes an
clement structure layer formed on the metal layer. The metal
layer has an Au-biased area with a higher Au content than
other areas of the metal layer, and this Au-rich area 1s pro-
vided on the element structure layer side.

In the bonding portion formed when bonding the semicon-
ductor wafer and the supporting substrate, a layer with high
thermal conductivity 1s formed adjacent to the heat-generat-
ing semiconductor layer. Thus, the efficiency of dissipation of
heat from the semiconductor layer 1s enhanced, and the reli-
ability of the semiconductor element can be improved.

These and other objects, aspects and advantages of the
present invention will become apparent to those skilled 1n the
art from the following detailed description and claims when
read and understood in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a SEM 1mage showing a cross-sectional view of a
cutectic bonding portion of the prior art;

FIG. 2A 1s a cross-sectional view of a supporting structure
to be bonded 1n an exemplary manufacturing method of the
invention;

FIG. 2B 1s a cross-sectional view of a semiconductor wafer
to be bonded to the supporting structure shown in FIG. 2A 1n
the exemplary manufacturing method of the mvention;

FIG. 3 1s a cross-sectional view of an LED element manu-
factured using the exemplary manufacturing method of the
invention;

FIG. 4A 1s a cross-sectional view showing one step in the
exemplary manufacturing method of the invention;
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FIG. 4B 1s a cross-sectional view showing another step in
the exemplary manufacturing method of the mnvention;

FI1G. 4C 1s a cross-sectional view showing still another step
in the exemplary manufacturing method of the invention;

FIG. 5 1llustrates temperature profiles during a bonding
step 1n the exemplary manufacturing method of the invention;
and

FIG. 6 1s an SEM 1mage of a cross section of the bonding,
portion after heating pressure-bonding 1s carried out 1n the
exemplary manufacturing method of the mvention.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIG. 2A, FIG. 2B and FIG. 3, a support-
ing structure, semiconductor watfer, and light-emitting ele-
ment formed by bonding the supporting substrate to the semi-
conductor wafer 1n a method for manufacturing a light-
emitting element according to one embodiment of the
invention are described. FIG. 2A and FIG. 2B are cross-
sectional diagrams of the supporting structure and of the
semiconductor water respectively. FIG. 3 1s a cross-sectional
view of the light-emitting element obtained by bonding
together the supporting structure and semiconductor water.

The supporting structure 10 includes a supporting substrate
11, and a first bonding layer 13 formed on the supporting
substrate 11.

The supporting substrate 11 includes a substrate of S1 or
other suitable material with high thermal conductivity, and
Ohmic metal layers (not shown) on both faces of the Si
substrate. The Ohmic metal layer includes 200 nm Pt, 150 nm
T1, 50 nm Ni, 100 nm Au and 200 nm Pt, formed in order by
evaporation depo sition or other suitable method. It should be
noted that the supporting substrate 11 may be made from Ge,
Al, Cu or another material, so long as the material has high
thermal conductivity.

The first bonding layer 13 1s formed on the supporting
substrate 11, by evaporation deposition to 1000 nm by means
of codeposition using a resistive heater, of ametal layer which
forms a eutectic crystal with Au by heating and pressure-
bonding. The metal layer 1s for example an AuSn layer whose
Sn content 1s 21 wt %. It should be noted that the Sn content
of the AuSn layer need not necessarily be 21 wt %. For
example, the Sn content of the AuSn layer 1s between 18 wt %
and 25 wt %. It should also be noted that the first bonding
layer may be an Auln layer. In bonding of the supporting
structure 10 and the semiconductor wafer 20 (will be
described), 1t 1s preferable that the surface of the first bonding
layer 13 be made flat, and that the surface of the first bonding
layer 13 and the surface of a second bonding layer on the side
ol the semiconductor watfer 20 (will be described) be made to
adhere to facilitate eutectic crystal formation. Hence it 1s
preferable that the layer thickness of the first bonding layer 13
be 50 nm or greater so as to absorb roughness in the surface of
the supporting substrate 11.

The semiconductor water 20 has a growth substrate 21
which 1s a sapphire substrate, an element structure layer (de-
vice layer) 23 grown on the growth substrate 21, and a second
bonding layer 25 formed on the upper face of the element
structure layer 23.

A method of growing one element structure layer 23 1s
described. First, for example an n-type cladding layer (GaN
layer) 31 of layer thickness 5.0 um, a light-emitting layer 32
of layer thickness 75 nm, a p-type barrier layer 33 of layer
thickness 40 nm and composition Al, ,Ga, (N, and a p-type
cladding layer (GaN layer) 34 of layer thickness 100 nm are
epitaxially grown by an MOCVD method on the (001) face of
a supporting substrate 11 comprising sapphire having a thick-
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ness of 430 um and a diameter of 2 inches, at growth tem-
peratures of approximately S00° C. (degrees C.) to 1100° C.
according to the layer being grown, to form the semiconduc-
tor layer. The light-emitting layer may be a multiple quantum
well (MQW) layer, a single quantum well (SQW) layer, or a
single layer (so-called bulk layer).

A multiple quantum well structure has for example five
pairs of well layers and barrier layers, with In, Ga,_ N layers
(composition variable x=0.35, thickness 2 nm) as the well
layers and GaN layers (thickness 14 nm) as she barrier layers.
The In composition variable x of the well layers 1s adjusted 1n
the range O=x=1.0 according to the light emission wave-
length.

Next, a reflective electrode layer 35 comprising N1 and Ag
1s formed on the p cladding layer 34. The retlective electrode
layer 35 1s formed by deposition 1n succession on the p-type
cladding layer 34, for example using an EB (electron beam or
¢-beam) evaporation deposition method, of 0.5 nm N1 and
300 nm Ag. It should be noted that other suitable methods
than the EB evaporation deposition, method may be used. For
example, a resistive heating evaporation deposition method
or a sputtering method can be used. When making the retlec-
tive electrode layer 35, a resist, mask may be formed on the
surface of the reflective electrode layer 35 over regions which
are to become light-emitting regions, and using an etchant
mixed 1n the ratio nitric acid 1:water 1:acetic acid 8:phospho-
ric acid 10, etching may be performed for 20 seconds at 25° C.
After that, heat treatment may be performed for 2 minutes at
400° C. 1n an atmosphere containing oxygen, to form 1ndi-
vidual light-emitting regions and corresponding regions (1.¢.,
regions corresponding to the respective light-emitting
regions).

Finally, in order to prevent, diffusion of Ag of the reflective
clectrode layer 35, a 100 nm Ti1 layer and 200 nm Pt layer are
formed as a metal d1 ‘usion prevention barrier layer 36 on the
reflective electrode layer 35.

A second bonding layer 25 1s formed on the element struc-
ture layer 23. The second bonding layer 23 1s a layer used, in
bonding with the supporting structure 10 (will be described).
The second bonding layer 25 has a eutectic underlayer 25A
and a surface layer 25B. The second boding layer 25 1s formed
by deposition 1n succession by an EB evaporation deposition
method of 300 nm Ni (thermal conductivity 91 W/m-K) as the
cutectic underlayer 25A, and 200 nm Au as the surface layer
25B. The eutectic underlayer 25A undergoes eutectic reac-
tion with the Au forming the surface layer 25B 1n the bonding
process (will be described), and serves to retain the Au on the
side of the element structure layer 23. Because the N1 of the
cutectic underlayer 25A forms a metal layer with high stress,
it 1s preferable that the eutectic underlayer 25A be made 300
nm or less in thickness, so as not to give rise to destruction of
the element structure layer and/or growth substrate or to other
problems.

I1 the layer thickness of the surface layer 25B 1s too thin, 1n
the bonding treatment, nearly the entire region of the Au of the
surface layer 25B forms a eutectic crystal with the Ni of the
cutectic underlayer 25A. As a result, the region forming a
cutectic crystal with the AuSn of the first bonding, layer 13 on
the side of the supporting structure 10 1s reduced 1n size, so
that bonding defects occur between the first bonding layer 13
and the second bonding layer 25. In order to satisfactorily
bond the first bonding layer 13 and the second bonding layer
25, the layer thickness of the Au layer forming the surface
layer 25B 1s 50 nm or greater, and preferably 100 nm or
greater, and still more preferably 200 nm or greater. It should
be noted that the material of the eutectic underlayer 25A may
be other metals than Ni so long as affinity 1s high in the
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cutectic reaction with the Au of the surface layer 25B. For
example, In (thermal conductivity 82 W/m-K) or similar can
be used. It 1s preferable that the eutectic underlayer 25A be a
material with a higher thermal conductivity than Au, such as
N1 or In. It 1s preferable that the eutectic underlayer 25A be
provided as a single body, such that the heat dissipation pri-
marily takes place in the eutectic crystal.

When bonding the supporting structure 10 and semicon-
ductor water 20 (will be described), it 1s preferable that the
surface of the second bonding layer 25 be flat, and that the
layer thickness of the second bonding layer 25 be 50 nm o
greater so as to absorb the roughness 1n the surface of the
clement structure layer 23, to enhance adhesion with the
surface of the first bonding layer 13 and facilitate eutectic
bonding.

The supporting structure 10 and semiconductor water 20
are bonded with the first bonding layer 13 and second bonding
layer 25 intervening, and the growth substrate 21 1s removed,
to obtain the semiconductor element 40 shown 1n FIG. 3.

Referring now to FIG. 4A to FIG. 4C, FIG. 5 and FIG. 6,
the method of bonding the supporting structure 10 and semi-
conductor water 20 1s described. FIG. 4A to FIG. 4C 15 a
series ol cross-sectional views of steps for bonding the sup-
porting structure 10 and semiconductor wafer 20 1n the
method of manufacturing the light-emitting element 40
according to the exemplary embodiment of this ivention.
FIG. § 1s an example of the temperature profiles during heat-
ing when performing bonding. FIG. 6 1s a cross-sectional
scanning electron microscopy (SEM) image (20,000x) of the
bonding portion after the bonding of the supporting structure
10 to the semiconductor water 20. It should be noted that 1n
FIG. 4Ato FI1G. 4C, the detail of the layer structure within the
clement structure layer 23 1s omutted.

First, as shown 1n FIG. 4A, the supporting structure 10 and
semiconductor water 20 are disposed such that the respective
bonding layers 13 and 25 oppose each other. Next, as shown
in FIG. 4B, the supporting structure 10 and semiconductor
waler 20 are heated 1n a vacuum environment by heaters (not
shown) disposed on the respective rear faces (the faces on the
sides opposite the bonding faces), the surface of the first
bonding layer 13 and the surface of the second bonding layer
23 are brought 1nto contact, and a force of 6 kIN 1s applied 1n
opposite directions (indicated by the unshaded arrows), to
perform heating pressure-bonding treatment to form a eutec-
tic crystal between the metals of the bonding layers.

In this heating pressure-bonding treatment, the tempera-
ture of the semiconductor wafer 20 1s made higher than the
temperature of the supporting structure 10 to perform bond-
ing. FIG. 5 shows an example of the heating temperature
profiles of the supporting structure 10 and semiconductor
water 20 in this embodiment. As shown in FIG. 5, in the
heating pressure-bonding treatment, the temperature of the
semiconductor water 20 1s set to 330° C. and the temperature
of the supporting structure 10 1s set to 320° C., and these
temperatures are maintained for 10 minutes to form a eutectic
crystal. Over substantially the entire rime of this heating
treatment, the heating 1s performed with the two heaters dis-
posed respectively at the rear faces (or back sides) of the
semiconductor water 20 and supporting structure 10. These
heaters are controlled such that the temperature of the semi-
conductor walfer 20 1s approximately 10° C. higher than the
temperature of the supporting structure 10.

When the eutectic bending 1s performed using a bonding
layer comprising Au and Sn, the Sn does not diffuse (or move)
very much toward a region of comparatively high tempera-
ture, but moves toward a region where the temperature 1s
comparatively lower. In this embodiment, an N1 layer (1.e., the
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cutectic underlayer 25A) 1s additionally disposed between the
Au layer (1.e., the surface layer 25B) of the second bonding
layer 25 and the element structure layer 23. The eutectic
underlayer 25A 1s provided to form a eutectic crystal with the
surface layer 25B. When performing the eutectic bonding of
the supporting structure 10 and semiconductor water 20, the
neighboring N1 and Au form a eutectic crystal, and therefore
the Au 1s drawn to the side of the semiconductor wafer 20. As
a result, the first and second bonding layers are fused by
cutectic bonding and become an integrated bonding portion.
In this mtegrated bonding portion, a region of high Au con-
centration and high thermal conductivity can be created adja-
cent to the element structure layer 23 of the semiconductor
waler 20.

This pressure-bonding treatment may be performed 1n a
nitrogen atmosphere. The maximum heating temperature
which 1s held constant during the eutectic crystal formation in
the bonding process 1s set such that the temperature of both
the supporting structure 10 and the semiconductor water 20 1s
in therange 01 230° C.t0 350° C., preferably 300° C. or igher
in order to perform satisfactory bonding with few voids (300°
C. to 350° C.), and preterably 330° C. or lower 1n order to
avold destruction of the semiconductor water 20 and/or sup-
porting structure 10 due to thermal expansion upon returning
the temperature to room temperature or 1 removal of the
growth substrate 21 (300° C. to 330° C.). The time over which
the maximum temperature 1s maintained 1s S minutes or more
and 60 minutes or less, and preferably 1s 15 minutes or less 1n
order to prevent degradation of the element structure layer
and other parts (5 minutes to 15 minutes). The larger the
temperature difference between the supporting structure 10
and the semiconductor wafer 20, the more Sn moves toward
the supporting structure 10 and Au moves toward the semi-
conductor watfer 20 in the bonding portion, so that the Au
concentration can be increased 1n that layer of the bonding
portion which 1s adjacent to the semiconductor water 20; but
il the temperature difference 1s made large, warping of the
supporting structure 10 and semiconductor water 20 when
returning the temperature to normal temperature (room tem-
perature) from the bonding temperature becomes large, caus-
ing cracks and splits. Thus, 1t 1s preferable that the tempera-
ture difference be 20° C. or less. However, 1f the temperature
difference 1s too small, no difference 1n diffusion movement
due to the temperature difference occurs, and so 1t 1s prefer-
able that the temperature difference be 5° C. or greater.

It 1s desirable that nigh force be applied during the heating
pressure-bonding 1n order to cause adhesion of the surface of
the first bonding layer 13 with the surface of the second
bonding layer 25, but 1 order to prevent damage to the
supporting structure 10 and semiconductor watfer 20, a force
in the range of 2.5 kKN or higher and 12 kN or lower 1is
preferable.

FIG. 6 shows an SEM 1mage of a cross section of the
bonding portion after the pressure-bonding treatment. FIG. 6
shows the result of the above-described heating pressure-
bonding treatment. Specifically, the first bonding layer and
second bonding layer have fused as a result of interdiffusion,
and become a single bonding portion. Within this bonding
portion, an Au bias layer X (appearing as the pale, whitish
portion in the drawing), which 1s a layer 1n which the ratio of
Au with high thermal conductivity 1s biased to the high side as
compared with the entirety of the bonding portion, 1s formed
next to the element structure layer 23 on the side of the
semiconductor water 20. In the Au bias layer X, Sn islands Y
(darker, blackish portions 1n the figure), which are portions 1n
which the Sn ratio 1s comparatively higher than other portions
of the Au bias layer X, exist intermittently with an 1sland
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morphology. That 1s, 1n this bonding portion, a layer 1s formed
adjacent to the element structure layer 23, in which the Au
rat1o 1s higher than 1n other regions and the thermal conduc-
tivity 1s high. The Sn ratio in the entirety of the bonding
portion formed by fusion of the first and second bonding
layers 15 15 wt % to 13 wt %. In the cross-sectional SEM
image of FIG. 6, the ratio of the area of the 1slands Y to the
area of she bias layer X 1s approximately 40%.

In this way, a layer with high thermal conductivity 1s
tormed adjacent to the element structure layer 23. Thus, heat,
generated from she element structure layer 23 1s satisfactorily
dissipated, particularly 1n directions parallel to the upper face
of the supporting substrate 11, and the efficiency of dissipa-
tion of heat generated from the element structure layer 23 1s
improved.

After the bonding of the supporting structure 10 to the
semiconductor waier 20, for example a laser liftoit (LLO)
device 1s used to 1rradiate the growth substrate 21 from the
rear face side with an excimer laser to remove the growth
substrate 21, as shown 1n FIG. 4C. It should be noted that the
method of removing the growth substrate 21 1s not limited to
the laser littoll (LLO) method. For example, wet etching, dry
etching, mechanical polishing, chemical-mechanical polish-
ing (CMP), or any combination of two or more of these
methods may be used.

After the growth substrate 21 1s removed by the LLO
method, the Ga generated by the LLO 1s removed using hot
water or other suitable agents, and the exposed surface of the
layer 23 resulting from the removal of the substrate 21 1s
subjected to surface treatment using hydrochloric acid. The
reagent (chemical, agent) used 1n the surface treatment after
the LLO method includes any matenal that can etch a nitride
semiconductor. For example, an acid or alkaline solution
including phosphoric acid, sulfuric acid, KOH or NaOH may
be used. Alternatively, the surface treatment may be per-
formed by dry etching using an Ar plasma or chlorine system
plasma, by polishing, or other suitable techniques.

After the surface treatment, an Ohmic electrode (1.e., an n
clectrode; not shown) 1s formed on the light extraction face.
Specifically, the Ohmic electrode 1s formed on the n-type
cladding layer on (in) the surface of the element structure
layer 23 exposed by removal of the growth substrate 21. The
Ohmic electrode creates an Ohmic junction with the n-type
cladding layer. The n electrode 1s formed by depositing by
evaporation deposition or other suitable methods, 1n order, Ti
1 nm, Al 200 nm, T1 100 nm, Pt 200 nm and Au 1000 nm. It
should be noted that the n electrode may be formed using any
suitable material that can form an Ohmic junction with, an
n-type semiconductor. For example, the n electrode may be
formed using Al and Rh, or Al and Pt.

The Ohmic electrode may for example be formed using a
liftoif method. The deposition method used 1n the forming of
the Ohmic electrode may include a resistive heating evapo-
ration deposition method, an EB evaporation deposition
method, sputtering method, or other suitable methods. Fur-
ther, 1n order to form a satisfactory Ohmic junction between
an n-type cladding layer and an Ohmic electrode on the light
extraction face side, alloying by heat treatment at approxi-
mately 400° C. 1n a nitrogen atmosphere may be performed.
After passing through the above-described processes, the
light-emitting element 40 1s completed.

In the method of manufacturing the light-emitting element
40 according to the above-described embodiment, the first
bonding layer 13 of the supporting structure 10 1s a layer of
AuSn, the second bonding layer 25 of the semiconductor
waler 20 1s a combination of the eutectic underlayer 25A (N1
layer) and the surface layer 25B (Au layer). In bonding of the
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supporting structure 10 and semiconductor water 20, heating,
pressure-bonding 1s performed while holding the temperature
of the semiconductor water 20 higher than the temperature of
the supporting structure 10, to perform eutectic bonding. As a
result, a region (layer) with a high Au ratio and high thermal
conductivity 1s formed adjacent to the element structure layer
23. By means of the region (layer) with high thermal conduc-
tivity adjacent to the element structure layer 23, heat gener-
ated by the element structure layer 23 1s promptly dissipated
in directions parallel to the upper face of the supporting
substrate 11 in particular. Thus, the efficiency of dissipation
ol heat from the element structure layer 23 1s improved, and
the reliability of the light-emitting element 40 can be
improved.

The above-described embodiment deals with the light-
emitting element, but the method of manufacturing of this
ivention can also be applied to the manufacture of other
electronic devices.

The various numerical values, dimensions, materials and
similar 1n the above-described embodiment are merely exem-
plifications, and can be selected and altered appropnately
according to the application, the light-emitting element to be
manufactured, and other given conditions.

This application 1s based on Japanese Patent Application
No. 2012-61834 filed on Mar. 19, 2012 and the entire disclo-
sure thereof 1s incorporated herein by reference.

What 1s claimed 1s:

1. A method of manufacturing a semiconductor element,
comprising:

forming a first bonding layer comprising a metal which

forms a eutectic crystal with Au, on a first substrate to
provide a first laminated body;

forming an element structure layer including a semicon-

ductor layer on a second substrate;

forming a second bonding layer comprising Au on the

clement structure layer to provide a second laminated
body; and

performing heating pressure-bonding on the first and sec-

ond laminated bodies, with the first and second bonding
layers facing each other,

wherein a heating temperature of the second substrate 1n

said heating pressure-bonding 1s made higher than a
heating temperature of the first substrate, and

wherein in said heating pressure-bonding, eutectic crystal

formation 1s performed with a temperature difference
between the temperature of the second substrate and the
temperature of the first substrate maintained 1n a range
of from 5° C. to 20° C.

2. The method of manufacturing a semiconductor element
according to claim 1, wherein said forming the second bond-
ing layer includes forming a metal underlayer and a surface
layer on the metal underlayer, and the metal underlayer com-
prises a metal which forms a eutectic crystal with Au, and the
surface layer comprises Au.

3. The method of manufacturing a semiconductor element
according to claim 2, wherein the metal underlayer comprises
N1 or In.

4. The method of manufacturing a semiconductor element
according to claim 1, wherein the first bonding layer com-
prises AuSn or Auln.

5. The method of manufacturing a semiconductor element
according to claim 1, wherein an Sn content of the first bond-
ing layer 1s between 18 wt % and 25 wt %.

6. The method of manufacturing a semiconductor element
according to claim 1, wherein the first substrate includes a
substrate having a high thermal conductivity and an Ohmic
metal layer.
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7. The method of manufacturing a semiconductor element
according to claim 1, wherein the first bonding layer has a
thickness of 50 nm or more.

8. The method of manufacturing a semiconductor element
according to claim 1, wherein the metal underlayer has a
thickness of 300 nm or less.

9. The method of manufacturing a semiconductor element
according to claim 1, wherein said heating pressure-bonding

1s carried out 1n a vacuum environment or a nitrogen atmo-
sphere, with a force of between 2.5 kN and 12 kIN being
applied on the first and second laminated bodies 1n opposite
directions.

10. The method of manufacturing a semiconductor element
according to claim 1, wherein the first laminated body 1s
heated to 280-350° C. and the second laminated body 1s
heated to 280-350° C. 1n said heating pressure-bonding, and
a temperature of the second laminated body 1s higher than a
temperature of the first laminated body, and a temperature
difference therebetween 1s 30° C. or less.

11. A semiconductor element comprising;:
a substrate;

a metal layer formed of a metal eutectic crystal formed on
the substrate; and

an element structure layer formed on the metal layer,

wherein the metal layer has an Au bias layer formed with a
higher Au content than other portions of the metal layer,
and biased on the element structure layer side, and
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wherein regions with a higher Sn ratio or a higher In ratio
than other portions of the Au bias layer exist within the
Au bias layer intermittently with an 1sland morphology.
12. The semiconductor element according to claim 11,
wherein the substrate includes a substrate having a high ther-
mal conductivity and an Ohmic metal layer.
13. A method of manufacturing a semiconductor element,
comprising:
forming a first bonding layer comprising a metal which
forms a eutectic crystal with Au, on a first substrate to
provide a first laminated body;
forming an element structure layer including a semicon-
ductor layer on a second substrate;
forming a second bonding layer comprising Au on the
clement structure layer to provide a second laminated
body; and
performing heating pressure-bonding on the first and sec-
ond laminated bodies, with the first and second bonding
layers facing each other,
wherein a heating temperature of the second substrate 1n
said heating pressure-bonding 1s made higher than a
heating temperature of the first substrate, and
wherein the first laminated body 1s heated to 280-350° C.

and the second laminated body 1s heated to 280-350° C.
in said heating pressure-bonding, and a temperature of
the second laminated body 1s higher than a temperature
of the first laminated body, and a temperature difference

therebetween 1s 30° C. or less.
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